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^ AB The Cu alloy contains Be 0.1-3%, O <20 ppm, 
and optionally Ni, Fe, Co, Cr, Ti, Zn, Ag, 
Pb, Sn, Mg, Mn, Al, B, P, As, and/or S 

0.001-5%. The alloy is properly aged, and the aged alloy contains grain 
<30 .mu.m in diam. and ppts. having size <2 .mu.m. An aged strip of a 
Cu alloy contg. 1.8% Be and 0.0008% O showed 

tensile strength 112 kg/mm2, elongation 9%, and elec. cond. 25% Cu std. 
vs. 66.5 kg/mm2, 30%, 13% of Cu std. for phosphor bronze. 
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(Claims) 

(Claim 1) Current -carrying material characterized by the fact that 
the material contains 0.1-3.0% by weight of Be and the balance consists 
of Cu, inevitable impurities and 20ppm or less of 0, in which deposited 
material due to aging treatment exists and the size of the deposited 
material is 2/zm or smaller. 

(Claim 2) Current -carrying material characterized by the fact that 
the material contains 0.1-3.0% by weight of Be and, as the secondary 
constituents, a total of 0.001-5.0% by weight of at least one kind 
selected from a group consisting of Ni, Fe, Co, Cr, Ti, Zn, Ag, Pb, Sn, 
Mg, Mn, Al, B, P, As, and Sb, and the balance consists of Cu, inevitable 
impurities and 20ppm or less of O, in which deposited material due to 
aging treatment exists and the size of the deposited material is 2/im or 
smaller. 

(Claim 3) In the current -carrying material described in either 
claim 1 or claim 2, the crystal particle size is 30/xm or smaller. 
(Detailed explanation of the invention) 

(Industrial application) This invention relates to a current - 
carrying material for electric parts material in which the occurrence of 
migration between lead frames, terminals, connectors, and bus bars is 
inhibited. 

(Conventional techniques) In recent years, miniaturization of 
electronic and electric instruments has advanced, the parts (e.g., 
connectors and the like) to be used tend to be similarly miniaturized 
and the distance between parts also tends to be significantly shortened. 
Namely, in the past, a circuit is formed by connecting electronic parts 
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with lead wires. However, as the number of parts increases, the circuit 
becomes complex. Circuits are miniaturized by integrating these parts. 

(Problems this invention intends to solve) In conventionally 
miniaturized and integrated circuits, different circuits or wires are 
separated by a small interval for miniaturization. However, if an 
electrolyte (e.g., water) exists in this interval, an electrochemical 
reaction occurs, a copper ion eluted from the copper alloy which is the 
current -carrying parts' material at the high potential side is deposited 
at the low potential side. In addition, as the quantity of the deposit 
increases, short-circuiting occurs. This phenomenon is called migration. 
If such a migration occurs, the circuit can no longer function normally. 
Therefore, in recent years, the availability of materials having high 
electric conductivity, in which migration does not occur, has been 
highly desired. 

(Means for solving the problems) As a result of research on the 
migration problem conducted by these inventors, as current -carrying 
materials for terminals, connectors, bus bars and the like connected to 
the anode side, the following current -carrying material has been 
invented. Namely, the invented current -carrying material is 
characterized by the fact that the material contains 0.1-3.0% by weight 
of Be, or, as the secondary constituents, a total of 0.001-5.0% by 
weight of at least one kind selected from a group consisting of Ni, Fe, 
Co, Cr, Ti, Zn, Ag, Pb, Sn, Mg, Mn, Al, B, P, As, and Sb, and the 
balance consisting of Cu, inevitable impurities and 20ppm or less of O, 
in which deposited material due to aging treatment exists and the size 
of the deposited material is 2/xm or smaller. 
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In this invention, the quantities of the elements to be added to Cu 
are determined by considering the following factors. First, Be is an 
element having the effect of inhibiting the migration of copper and 
copper alloy when Be is added to copper and copper alloy. 

Even though the mechanism of inhibiting the migration phenomenon is 
not well known, it is postulated that, with the existence of Be, the 
quantity of elusion of Cu ions is reduced, and current flow via the 
deposited Cu particles is interfered with by the formation of Be 
compounds and, as a result, the migration between electrodes is 
inhibited. 

The reason for setting the Be content at 0.1-3.0% by weight is 
explained below. If the Be content is less than 0.1% by weight, the 
migration phenomenon cannot be inhibited. If the Be content exceeds 3.0% 
by weight, although the migration phenomenon can be inhibited, electric 
conductivity is lowered, and the amount of heat generation during the 
electric current flow increases and heat dispersability is also reduced. 

The reason for adding a total of 0.001-5.0% by weight of at least 
one kind selected from a group consisting of Ni, Fe, Co, Cr, Ti, Zn, Ag, 
Pb, Sn, Mg, Mn, Al, B, P, As, and Sb is explained below. The purpose of 
adding a total of 0.001-5.0% by weight of these elements is to improve 
the migration property, to improve strength by enhancing deposition and 
dissolution, and to refine crystal particles. An improvement in the 
migration property can be expected by the addition of Ni, Fe, Co, Cr, Ti 
and Zn. An improvement in strength can be expected by the addition of 
the entire elements listed above. For refinement of crystal particles, 
it is effective to add Ni, Fe, and Co. 
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However, if the content of these elements is less than 0.001% by- 
weight, these effects are hardly observed. On the other hand, if the 
content of these elements exceeds 5.0% by weight, processability is 
worsened and electric conductivity is significantly reduced. 

The size of the deposited material is limited to 2/zm or smaller 
because, if the size exceeds 2/im, the migration phenomenon occurs very 
easily. The oxygen content is set to be 20ppm or lower because, if Be 
oxide is formed in the alloy, it does not contribute to the improvement 
of the migration property. In other words, in the alloys in which the 
oxygen content exceeds 20ppm, Be oxides are easily formed. As Be oxides 
are formed, the concentration of Be further easily occurs there. As a 
result, the migration property is drastically lowered. 

Crystal particle size is set to be 30/xm or smaller because if the 
crystal particle size exceeds 3 0/im, processability is lowered and the 
migration property is also lowered. 

(Application examples) In what follows, detailed examples of this 
invention are shown. 

First, the invented alloys and comparison alloys shown in Table 1, 
excluding Nos. 17 and 18, were dissolved in air or in an inactive 
environment and casted. After surface shaving, they were hot rolled. 
After scale removal, they were subjected to repeated cold rolling and 
annealing to obtain 0.6mm thick cold-rolled plates (final rolling 
processability: 20%) . After these plates were subjected to a proper 
aging treatment, the surface of these plates was polished with #1200 
emery paper. 
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[Key:] 

1 . . . Invented alloys ; 2 . . . Comparison alloys ; 3 . . . Chemical composition 
(wt%) ; 4. . .Secondary constituents; 5. . .balance 

With 0.6mm thick plates of test materials thus prepared, commercially 
available yellow copper and phosphor bronze (Nos . 17 and 18), tensile 
strength, elongation, electric conductivity, and [the property of being] 
migration-proof were evaluated. The results are shown in Table 2. [The 
property of being] migration-proof was measured by the following method. 
Namely, the test material was cut into a 10mm x 100mm piece. Two pieces 
of these plates were set as one group. A group of the test samples was 
set as shown in Figure 1, and was immersed in service water (3 00 cc) as 
shown in Figure 2. Then, a 14V DC voltage was applied to these two 



pieces of test samples, and the change in electric current value vs. 
time was measured with a recorder. A typical example of this result is 
shown in Figure 3. For each test sample, the time elapsed until the 
electric current values reaches 1 . OA (indicated by an arrow sign shown 
in Figure 3) was read. Results are shown in Table 2. 

TABLE 2 
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[Key:] 

1... Invented alloys; 2 ... Comparison alloys; 3... Diameter of the 
deposited material (/im) ; 4... Crystal particle size (/xm) ; 5... Tensile 
strength (kg/mm 2 ) ; 6. . .Elongation (%) ; 7. . .Electric conductivity (%IACS) ; 
8 .. .Migration-proof (time elapsed to reach 1.0A) (min.) 

Furthermore, the size of deposited material was measured by the 

following method. Namely, a section of the test sample was 

microscopically observed (magnification: 1000 times, over 2mm 2 ), and the 



7 



size of the largest deposited material was obtained, which was taken as 
the size of the deposited material. 

From the results shown in Table 2, it is known that those having 
higher a Be content have higher strength and those having a lower Be 
content have a higher electric conductivity; both of them, however, have 
a good migration property. From the comparison of Nos. 3 and 4, the 
dependency of the crystal particle size is known. 

Furthermore, from the comparison of No. 4 and No. 1, and comparison 
of No. 5 and No. 2, the effect of secondary constituents (e.g., Ni, Fe, 
Co, Ti, and Zn) on [the property of being] migration-proof is known. 

Comparison examples show the following results. Namely, with No. 
13, since the Be content is too high, although the strength is high and 
[the property of being] migration-proof is good, edge cracking occurs 
when the plate is subjected to cold rolling, and electric conductivity 
is not that high. With No. 14, in which the size of deposited material 
is large, [the property of being] migration-proof is poor. With No. 15, 
since the content of secondary constituents is too high, electric 
conductivity is low. With No. 16, since the oxygen content is high, [the 
property of being] migration-proof is poor. With No. 17, which is a 
yellow copper that is conventionally considered to have good migration- 
proof properties, [the property of being] migration-proof is good. 
However, strength is low, and electric conductivity is not that high. 
With No. 18, which is a phosphor bronze, strength, electric conductivity 
and [the property of being] migration-proof are not that good. 

(Effects of the invention) The invented current -carrying materials 
have high strength and high electric conductivity and are excellent in 
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migration-proof [properties] , and can be suitably used in current - 
carrying materials in which being migration-proof is required (e.g., 
lead frames, automobiles terminals, connectors, bus bars and the like) . 
(Brief explanation of the Figures) 

(Figure 1) Figure 1 is a strabismus diagram of test materials for 
testing of migration-proof. 

(Figure 2) Figure 2 is a diagram for explanation of the test 
method. 

(Figure 3) Figure 3 is a graph showing a migration-proof test 
result . 




Figure 1 
[Key:] 

A. . .Test materials 
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Figure 2 



[Key:] 

A. . .stand glass; B. 
E. . .Petri dish; F. 



.service water; C. 
14V DC source 



.resin plate; D. . .test materials ; 




Figure 3 
[Key:] 

A. . .Leak current (A) ; 3, 



.Current flowing time (min) 
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